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ABSTRACT: 

Biometric authentication systems rely on 

physiological or behavioral traits to establish 

personal identity. Among various physiological 

modalities, the human ear offers consistent 

structural features that remain stable throughout 

life. This study explores ear-based identification 

using preprocessing, feature extraction, and edge-

detection techniques. Several edge-detectors 

Canny, Prewitt, Roberts, Laplacian of Gaussian 

(LoG), and Approx-Canny—were evaluated to 

determine their effectiveness in delineating the ear 

shape. Feature-extraction methods including 

Harris, FAST, and SURF were applied to classify 

distinctive keypoints. The experimental findings 

highlight the comparative performance of these 

methods and propose an optimized approach for 

ear-based biometric recognition. 
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INTRODUCTION:    

The human ear has emerged as a promising 

biometric trait for personal identification due to 

its stable anatomical structure and minimal age-

related variation. Unlike fingerprints or iris 

patterns, ear images can be captured with standard 

digital cameras without requiring highly 

specialized sensors. This simplicity, however, 

introduces the need for accurate ear detection 

algorithms before identification can proceed. 
 

Because ear geometry remains largely unchanged 

throughout the individual’s lifetime, it offers 

advantages over other biometric traits. Ear 

impressions left at crime scenes can also serve as 

forensic evidence. Previous research has 

identified geometric and structural characteristics 

of the ear such as the helix, antihelix, concha, 

tragus, antitragus, lobule, and triangular fossa as 

reliable indicators for classification and 

recognition. 

 

Challenges in Ear-Based Identification 

Despite its advantages, ear biometrics faces 

several limitations: 

 Cultural clothing (e.g., scarves, hijabs) may 

cover the ears. 

 Earrings or accessories may obstruct the 

extraction of structural features. 

 Hair can partially or fully occlude the ear 

region. 

Overcoming these challenges requires robust 

preprocessing and segmentation approaches that 

can operate effectively under real-world 

conditions. 

 

EAR IDENTIFICATION WORKFLOW 

The typical ear recognition system includes the 

following steps: 

a. Ear Localization 

Identifying and isolating the ear region from the 

full image. 
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b. Feature Extraction 

Constructing a numerical feature vector 

representing the ear’s geometric and structural 

details. 

c. Matching and Verification 

Comparing the test feature vector with stored 

templates to confirm or determine identity. 

 

KEY STRUCTURAL POINTS OF THE EAR 

Ear biometrics rely on the unique and 

permanent morphological characteristics of the 

ear. The geometry of key structures such as the 

outer helix, lobe, antihelix ridges, and internal 

curves forms a distinctive pattern for each person. 

 

Early studies manually extracted 12 reference 

measurements from ear images to classify 

individuals. Subsequent improvements include 

algorithmic frameworks using vertical, horizontal, 

diagonal, and radial lines from a reference point 

to establish geometric correlations between 

anatomical landmarks. 

 

EDGE DETECTION TECHNIQUES 

Edge detection significantly reduces image 

complexity while preserving essential structural 

boundaries. Several operators were implemented: 

 Canny Edge Detector – Offers high accuracy 

with effective noise suppression. 

 Prewitt Operator – Detects intensity 

gradients but is more sensitive to noise. 

 Roberts Operator – Suitable for simple 

gradient analysis. 

 LoG (Laplacian of Gaussian) – Captures 

rapid intensity changes after smoothing. 

 Approx-Canny – A computationally efficient 

alternative. 

Experimental results indicate that the Canny 

operator consistently yields cleaner and more 

accurate ear contours compared to other methods. 

 

FEATURE EXTRACTION 

Feature extraction aims to reduce data 

dimensionality while retaining critical information 

required for identification. The following feature-

detectors were evaluated: 

 Harris Corner Detector 

 FAST (Features from Accelerated Segment 

Test) 

 SURF (Speeded Up Robust Features) 

These methods detect keypoints that capture ear 

curvature, boundary transitions, and prominent 

structural elements. The extracted features are 

transformed into a vector representation used 

during matching. 

 

Preprocessing steps such as RGB-to-grayscale 

conversion, noise removal, and segmentation 

were applied to enhance the robustness of feature 

detection 

 

TECHNICAL IMPLEMENTATION 

The proposed system was implemented using 

MATLAB.  

The procedure involved: 

1. Image Acquisition from a standard ear 

dataset. 
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2. Preprocessing, including noise filtering and 

region isolation. 

3. Edge Detection to locate structural 

boundaries. 

4. Feature Extraction using Harris, FAST, and 

SURF algorithms. 

5. Comparison of Feature Counts to evaluate 

detector performance. 

 

The ear shapes were also approximated using 

geometric templates such as circular, elliptical, 

and rectangular structures to improve 

segmentation accuracy 

Fig 1:  

 

Fig 2:  

 

 

Fig 3:  

 

Fig 4:  

 

Sample Feature-Point Detection Results 

Image Harris FAST SURF 

1 10 20 17 

2 20 36 55 

3 08 32 34 

4 20 43 12 

5 12 40 45 

6 10 33 39 

7 11 29 33 

8 10 19 28 

9 19 23 10 

10 22 46 23 
 

The results show that FAST detected the highest 

number of feature points in most images, while 

SURF provided more stable features suitable for 

matching. 
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Fig5: 

 

AIM AND OBJECTIVES 

This study aims to develop and evaluate a 

computational framework for human 

identification using ear biometrics, focusing on 

the unique morphological characteristics of the 

ear 

 

MATERIAL AND METHODS: 

The ear recognition system workflow 

involves image acquisition from a standard 

dataset, preprocessing including noise filtering 

and ROI isolation, edge detection to locate 

structural boundaries, feature extraction using 

specific algorithms, and performance evaluation 

by comparing extracted feature counts. This 

methodology is based on information provided in 

the input text. More details on the implementation 

can be found in the original document. 

 

Procedure: 

Step1: Image Capture: Capturing a side-profile 

image of the person. 

Step2: Region of Interest (ROI) Cropping: 

Manually isolating the ear portion. 

Step3: Image Pre-processing: 

 Converting the colour image to a binary 

image. 

 Detecting edges using the Canny Edge 

Detection algorithm. 

 Removing unwanted noise/holes within the 

inner ear region. 

Step4: Feature Extraction: 

 Storing edge pixels in a matrix for analysis. 

 Identifying the two farthest points on the 

outer curve and defining a maximum distance 

line (maxline). 

 Drawing a series of perpendicular lines from 

the maxline to intersect the outer edges of the 

ear. 

 Storing the coordinates of these intersection 

points as a feature vector. 

Step5: Matching and Identification: Comparing 

the newly generated feature vector with stored 

templates in the database. 

Step6: Stop: Concluding the identification 

process 

 

RESULTS: 

Ear biometrics use the unique 

morphological features of the human pinna for 

identification through a computational workflow 

involving preprocessing, edge detection, and 

feature extraction using various algorithms. This 

workflow includes evaluating edge detection 

operators like Canny, Prewitt, and Roberts, and 

keypoint detectors such as Harris, FAST, and 
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SURF; the Canny operator offered superior 

boundary detection, while FAST identified the 

most feature points and SURF provided stable 

features suitable for matching. 

 

DISCUSSION 

Ear identification workflows typically 

involve localization, feature extraction, and 

matching, leveraging the unique morphological 

characteristics of the human ear for biometric 

recognition. The evaluation of various computer 

vision techniques within this framework 

highlights strategies for optimizing the 

identification process. 

 

CONCLUSION  

This research evaluates multiple feature-

extraction and edge-detection approaches for ear-

based biometric identification. Analysis of 190 

ear images demonstrates that FAST identifies the 

highest number of keypoints, whereas SURF 

provides superior descriptor stability. The Canny 

operator proved most effective for extracting 

reliable ear boundaries. 

Overall, combining robust edge detection with 

optimized feature extraction enhances the 

accuracy of ear recognition systems and supports 

future work in biometric security and forensic 

applications. 
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